Abstract: A facile and efficient method for the synthesis of 3,7-dinitro-1, 3,5,7-tetraazabicyclo[3,3,1]nonane (DPT) has been developed starting from urea. In the procedure some task-specific ionic liquids was synthesized as a cheap and recyclable catalyst for the synthesis of DPT. The catalysts could be recovered and reused several times without noticeably decrease in the catalytic activity.
Introduction
3,7-Dinitro-1,3,5,7-tetraazabicyclo [3, 3, 1] nonane (DPT) is a key precursor to octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 1, 2 , the most powerful explosive manufactured in bulk at present. Strecker et al. 3 invented a process for producing DPT by utilizing nitrourea as starting material, but this approach involved long reaction times and unsatisfactory yield of DPT. Il'yasov et al. 4 disclosed the application of N,N'-dinitrourea (DNU) as intermediate for the synthesis of DPT, but no systematic synthetic studies were reported.
Recently, task-specific ionic liquids (TSILs) have emerged as a powerful alternative to conventional molecular organic solvents or catalysts due to their particular properties, such as undetectable vapour pressure, wide liquid range, as well as the ease of recovery and reuse [5] [6] [7] [8] . The use of ionic liquids as reaction medium may offer a convenient solution to catalytic recycling problem. Some SO 3 H-functional halogen-free acidic ionic liquids (Scheme 1) have been prepared and their catalytic activities have also been investigated [9] [10] [11] [12] [13] [14] .
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Herein we report an improved and facile preparation of DPT, starting from low cost urea. In the procedure urea was nitrified with 98% nitric acid and oleum (20% SO 3 ) as nitrating agent in the presence of task-specific ionic liquids (TSILs). DNU (1) was prepared in situ without isolation of the compound and the hydrolysis of DNU occurred in the presence of formaldehyde, since the subsequent neutralization with ammonia obtained DPT (2) (Scheme 2). 
Experimental
Melting points were determined on a Thomas Hoover capillary apparatus and were uncorrected. The IR spectra were recorded with a Bomem Michelson model 102 FTIR. 1 H NMR spectra were recorded on Bruker DRX (500 MHz) spectrometer. Elemental analyses were performed on a Yanagimoto MT3CHN recorder. Mass spectra were recorded on a VG ZAB-HS mass spectrometer using fast atom bombardment (FAB) ionization mode. All starting chemicals (AR grade) were purchased from commercial suppliers and used without further purification. 4 ] were prepared by the procedures already reported in the literature 13, 14 .
Caution
To handle these energetic materials, best safety practices (leather gloves, face shield) are strongly encouraged. 
Results and Discussion
In the initial experiments, we screened different functionalized ionic liquids for their ability to catalyze the reactions. The results are summarized in In the procedure of DPT synthesis, DNU was an important intermediate and urea was first nitrified to form nitrourea, then DNU. The nitric acid system can be thougt to be a molecular nitrating agent. The compound may be a nitronium ion carrier, which could not dissociate before reacting with nitrourea. There is an additonal consideration, based on the properties of the ionic liqud cations and anions. The TSILs used in this work have structures similar to those of tetrabutyl ammonium bromide (TBAB), so they could be used as phase tranfer catalysts 16 . It should facilitate the better solvatoin of a charged intermediate electrophilic species, NO 2 + -carrier, in the charged more highly polar TSILs. Furthermore, the presence of formaldehyde was requisite for the hydrolysis of DNU to form relatively stable N-dimethylol nitramide and the TSILs could promote the reaction.
When optimizing the reaction condition, the recycling performance of [TMPSA] [HSO 4 ] was investigated. As shown in Figure 1 , the catalyst could be reused at least five times without noticeable lowering of the catalytic activity. It was found that the methods to recover the [ 
Conclusion
In conclusion, a facile and efficient method for the synthesis of 3,7-dinitro-1,3,5,7-tetraazabicyclo[3,3,1]nonane (DPT) has been developed catalyzed by task-specific ionic liquids (TSILs) in this paper. The catalysts can be reused without obvious loss of the catalytic activity. This approach could make a valuable contribution on the synthesis of DPT.
Further investigations of nitration of DPT to obtain stable energetic materials are currently underway.
